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DIGEST 


The  object  of  the  work  described  in  this  report  was  to  study  the 
factors  affecting  the  atomisation  of  nonvolatile  liquids  with  cold  gas  (com- 
pressed  air). 

Bie(2-ethylhexyl)hydrogen  phosphite  was  atomised  by  compressed 
air  using  a  device  similar  in  design  to  a  multicompartment  thermal  generator 
and  equipped  with  various  nossle  configurations.  Several  different  sampling 
techniques  were  used  as  a  means  of  characterising  the  aerosol  produced.  The 
data,  obtained  were  compared  to  the  Nukiyama- Tanas awa  equation  character  - 
lifting  the  process,  and  the  application  of  the  cold  gas  technique  to  a  practical 
munition  device  was  considered. 


As  a  result  of  the  investigation  conducted,  the  following  conclusions 


were  drawn: 


Co 


(iy  'f'he  aerosol  produced  by  the  compressed-air-operated 
laboratory  device  can  be  characterised  for  most  of  the  nossle  designs  con¬ 
sidered  by  the  Nukiyama- Tanasawa  relationship^ 

Q).  ifhe  parameter  most  significantly  affecting  the  atomisation 
process  for  a  given  liquid  is  the  volume  ratio  of  liquid  to  gas^ 

( > 

he  four  sampling  techniques  examined  presented  varying 
degrees  of  correlation  to  each  other  and  to  the  value  predicted  by  the 
ISfukiyama-Tanasawa  relationshijfJ^The  swinging-arm  technique  appeared  to 
1>«  the  most  suitable  on  the  basispf  accuracy  and  ease  of  operation. 


\4)  The  cold  gas  atomisation  technique  considered  did  not 
appear  to  be  practicable  for  incorporation  into  a  chemical  munition  because 
eof  low  liquid  capacitymJkis  technique,  However,  provides  a  means  of  pro- 
educing,  without  chemical  decomposition,  an  aerosol  having  the  desired 
characteristics.  > 


*  . 
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COLD  GAS  ATOMIZATION  OF  LOW  VOLATILITY  LIQUIDS 


I,  INTRODUCTION . 

A.  Object. 


The  object  of  the  work  described  in  this  report  was  to  study  the 
factor*  affecting  the  atomisation  of  nonvolatile  liquids  with  cold  gas  (com- 
pressed  air). 


In  the  operation  of  a  thermal  generator,  a  liquid  is  inserted  into 
the  hot  gas  stream  produced  by  a  burning  pyrotechnic.  The  hot  gas  is  directed 
at  high  velocity  through  a  nossle  that  may  be  of  either  venturi  or  straight- 
tube  design.  The  liquid  injected  into  the  gas  stream  in  the  nossle  is  thus  both 
atomised  and  vaporised.  The  vapor  thus  produced  subsequently  condenses 
in  th«  atmosphere  to  produce  an  aerosol. 


Although  some  performance  data  of  the  venturi-type  thermal 
generator  in  disseminating  a  nonvolatile  GW  agent  had  been  obtained,  no 
cor  relation  was  established  between  the  operating  conditions  of  the  device 
andl  the  aerosol  produced#  Through  minor  design  changes  in  th#  unit,  the 
aerosols  produced  have  ranged  from  an  aerosol  consisting  primarily  of 
particles  of  from  l Op.  to  200p  in  diameter  to  an  aerosol  having  from  50% 
to  70%*  by  weight,  of  particles  less  than  10§i  in  diameter.  * 


During  previous  experimentation  with  this  test  device,  measure* 
merit  of  the  variable!  believed  lmporiaet  la  producing  the  desired  aerosol 
wan  quite  diff  icult*  The  interdependence  of  such  variables  as  gas -flow  rate, 
fuel-block  burning  pressure,  and  temperature,  for  example,  did  not  permit 
the  dseired  control  of  performance.  Moreover,  variations  in  the  aerosol 
produced  could  not  be  established  because  of  either  device -operation  or 
a«:reie&*asse«|js&snt  techniques , 


Accordingly,  the  work  reported  herein  wm  initiated  {1}  to  de¬ 
termine  the  variable*  that  sianiflcaatlv  iff  eft  stealiatke  without  the  Is* 


equipped  with  various  nossle  configurations  (figures  1  and  2,  appendix). 

The  field  of  compressed-air  liquid  atomisation  is  one  in  uShich 
considerable  effort  has  been  expended.  Many  investigators  have  examined 
the  mechanism  of  aerosol  formation,  sampling,  and  evaluation,  and  a  broad 
review  of  the  subject  may  be  found  in  the  literature.2  It  is  generally  agreed, 
however ,  that  some  of  the  more  important  factors  governing  atomisation  in¬ 
clude  the  ratio  of  liquid  to  gas,  relative  velocity  of  liquid  to  gas,  and  the 
physical  properties  of  the  liquid  smd  gas. 


Review  of  the  literature  pertinent  to  atomisation  indicated  the 
general  applicability  of  an  empirical  equation  derived  by  Nukiyama  and 
Tanasawar 


where 


D0  =  Sauter  mean  diameter,  microns 

v  *  velocity  difference  between  liquid  and  gas,  m/  sec 

Ql  =  volume  of  liquid  per  unit  time,  ml/  sec 

Qc  ■  volume  of  gas  per  unit  time,  ml/ sec 

p  *  density  of  liquid,  gm/ml 

u  *  viscosity  of  liquid,  poise 

O'  *  surface  tension  of  liquid,  dyn^s/sq  cm 

Gensraily  verified  by  these  and  other  investigators  was  a 
limiting  ratio  of  G^/Qq*  the  validity  of  the  equation  for  velocities  of  sub¬ 
sonic  and  sonic  gases,  and  the  independence  of  nossle  configuration^.*  *  *** 

In  determining  the  atomisation  characteristics  of  a  nosale  design  somewhat 
different  from  those  previously  examined,  it  wte  believed  that  eqsatien  (1) 
could  still  he  utilised.  Therefore,  the  measurement  and  the  theoretical  sig¬ 
nificance  of  the  equation  parameters  were  sieceeeary. 
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Inherent  in  determining  the  parameter!  describing  an  aerosol 
distribution,  for  example,  Sauter  mean  diameter  (D0)  or  mass  median 
diameter  VMMB),  are  the  errors  associated  with  sampling  and  the  statistical 
error  r  any  slide  particle  analysis.  The  technique  of  simply  passing  a 
microscope  slide  through  the  atomised  jet  iasuing  from  a  nosale  has  been 
rather  successful  in  sampling  the  aerosol  produced.  Because  of  decreasing 
impaction  efficiency  with  decreasing  particle  sise,  however,  any  calculation 
of  D0  using  this  technique  would  be  fallaciously  high  if  a  significant  quantity 
of  the  mass  is  less  than  lOp  in  sise.  Moreover,  the  problems  of  obtaining 
m  statistically  valid  particle- sise  distribution  from  slides  are  recognised* 
and  only  a  sufficiently  large  sample  will  adequately  characterise  the  larger 
or  tail  end  of  a  distribution  that  significantly  influences  any  value  of  t>Q  or 
IvlMD.  As  an  aid  in  reducing  the  aforementioned  errors,  other  techniques 
of  aerosol  sampling  were  used  to  supplement  the  single  waved  slide.  These 
techniques  used  floor  slides  and  air -sampling  filters  after  specific  periods 
of  stirred  settling. 

As  a  convenient  procedure  in  calculating  experimental  value4? 
of  D0  from  equation  (1),  a  graphical  solution  requiring  two  charts  was 
prepared*  Equation  (1)  reduced  to: 


u 

o 

Q 

b  +  (cM*)1-5 

where 

b  « 

58!fl/ ? 

<ZA) 

c  = 

597|rr)  ° 45 

(2B) 

a  « 

1000  QJQq 

(2C) 

Rearranging  equation  (2)  and  putting  it  into  logarithmic  form: 


log  (PQ-b)  *  log  c  4  1. 5  log  a  (20) 


By  substituting  the  physical  constants  of  the  liquid,  bis  (2- 
ethylhexyl)hydrogen  phosphite,  equation  (2A)  can  be  rearranged,  and  b 
versus  v  can  be  plotted  (figure  3,  appendix). 
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Similarly,  equation  (2D)  can  be  plotted  as  (D0-b)  versus  (1000 
Qjl/Qg)  (figure  4,  appendix).  Thus,  knowing  v  (and  b)  and  the  ratio  (1000 
QL/Qa)?  D0  can  be  interpolated  directly.  The  above  relation  was  calculated 
for  liquid  temperatures  of  20°C  representing  temperate  conditions,  and  lor 
7°C,  representing  the  general  temperature  level  during  winter  experimental 
tion. 


II.  EXPERIMENTATION 


A.  Test  Chamber. 


The  aerosol-dissemination  chamber  used  in  this  program  measures 
16  by  16  by  Id  lest  and  hae  tmohme  of  87-cum.  The  chamber  is  equipped 
with  compressed-air  tanks  and  has  facilities  for  the  measurement  of  pressure, 
flow  rate,  and  temperature. 

The  chamber  floor  is  marked  in  a  symmetrical,  circular,  floor  - 
grid  pattern  for  positioning  the  microscope  slides  utilised  in  aerosol  evalu¬ 
ation  (figure  5,  appendix).  Various  geometric  patterns  consisting  of  a  smaller 
number  of  slide  positions  were  derived  from  this  basic  pattern*  Nine  posi¬ 
tions  were  marked  on  the  chamber  walls.  These  positions  were  in  the  center 
of  nine  equal  wall  areas  on  the  lower  half  of  each  wall. 


B.  Materials  and  Equipment. 


1.  Aero  sol -Sampling  and  Measuring  Devices. 


a.  Air -Sampling  Devices. 

Filter  equipment  consisted  of  two  filters  as  a  pair  at  the  2-, 

4-,  and  6-foot  levels  on  a  pole.  Generally,  three  such  sampling  poles  were 
utilised.  A  Cenco  Cat.  No*  93970  vacuum  pump  was  used  for  the  six 
samplers  on  each  pole.  Critical  orifices  controlled  the  air  flow  through 
each  filter.  One  layer  of  50%  Vitron  112  and  50%  Vitron  106,  manufactured 
by  Glass  Fibers,  Inc. ,  was  used  for  sampling.  In  some  experiments,  liquid 
bubblers  for  vapor  sampling  were  used  in  series  behind  the  filters. 

b.  Impact  meter. 

Some  success  has  been  attained  by  other  investigators  in 
sampling  the  aerosol  produced  by  an  atomising  device  by  simply  exposing 
a  microscope  slide  in  the  Issuing  jet. 1 » 2»  **  *  Eased  on  this  principle,  a 


device  called  an  Impactmeter  was  designed.  It  rotated  slides  under  an  open 
1 -inch* wide  slot  positioned  at  the  approximate  center  of  the  atomising  jet 
(figure  6,  appendix).  The  slides  were  rotated  at  approximately  3  ft/ sec  under 
the  slot. 


Based  on  the  same  principle  was  a  swinging  arm,  which  moved 
laterally  across  the  aerosol  issuing  from  the  atomising  nozsle.  Three 
microscope  slides  wer  e  mounted  on  the  arm  so  that  the  center  and  points 
midway  between  the  center  and  circumference  of  the  aerosol  stream  were 
crossed.  The  velocity  of  the  arm  was  approximately  3  ft/ sec. 

c.  Floor  Slides. 


Standard  3-inch  by  1-inch  microscope  slides  were  used  for  particle 
analysis  and  material  balances.  The  particles  deposited  on  the  floor  slides 
wars  Counted  and  measured  by  a  device  described  in  a  previous  report.^ 

A 

2.  Atomising  Device  and  Nosales. 

The  device  used  for  the  compressed- air  atomisation  is  illus¬ 
trated  in  figure  1,  appendix.  The  various  aossle  designs  are  shown  in  figure 
2,  appendix. 

k. 

3.  Instrumentation. 


Pressure  measurement*  were  accomplished  by  a  Sanborn  Model 
127  recorder  and  various  commercial  gauges.  Compressed-air -flow  rates 
wars  dsterminsd  by  the  use  of  a  1-inch,  sharp-edged  orifice  in  a  2-inch 
standard  pipe  with  pressure  taps  connected  to  a  IT- tubs  manometer,  liquid- 
flow  rates  wars  determined  from  data  of  the  duration  and  quantity  of  feed. 


4.  V -Agent  Simulant. 

The  liquid  used  in  all  experimentation  was  ble(2-ethylhexyl) 
hydrogen  phosphite. 

C.  Procedure. 

1.  Compressed-Air  Atomisation. 

A  device  similar  in  design  to  a  multicompartmsnt  thermal  gener¬ 
ator  aad  equipped  with  nettles  of  various  configuration#  was  need  in  the 
compreseed-air  atomisation  of  *be  liquid.  Air-flow  rates  were  determined 


prior  to  experimentation  a*  a  function  of  chamber  pressure  and  liquid-feed 
pressure.  Plotting  these  data  permitted  interpolation  of  air-flow  rates  for 
any  operational  condition  (figure  7,  appendix). 

The  atomizing  device  was  suspended  from  the  ceiling  of  the 
chamber,  and  the  aerosol  produced  was  directed  vertically  downward.  During 
aerosol  production,  the  Impactmeter  and  arm-sampling  devices  were  utilized 
both  in  conjunction  with  the  floor  slides  and  separately  in  duplicate  experiments. 
Upon  completion  of  dissemination  the  aerosol  was  subject  to  stirred  settling  for 
a  period  of  30  minutes.  Filter  samples  were  obtained  during  the  last  3  minutes 
of  this  period.  Based  on  spherical-particle -settling  laws,  air-sampling  data 
at  this  particular  time  indicated  that  the  quantity  of  material  was  generally  less 
than  lOp  in  size.  Upon  removal  from  the  chamber,  the  floor  slides  were  ex¬ 
amined  for  particle -size  measurements  and  later  chemically  analyzed  for  ma¬ 
terial-balance  calculations.  The  material-balance  calculations  were  Supple¬ 
mented  by  the  air -filter  data  and  additional  alides  were  placed  on  the  chamber 
walls . 


Ail  glass  slides  used  for  particle-size  analysis  were  cleaned 
and  processed  by  Mayfs  method7  prior  to  use.  Droplet- spread  factors  (the 
ratio  of  the  diameter  of  the  droplet  as  a  sphere  in  the  air  to  the  diameter 
of  the  same  droplet  while  on  the  glass  slide)  were  also  determined  by  Iday's 
method.  These  experimental  data  compared  within  5%  of  data  obtained  by 
a  completely  different  technique.  * 

2.  Calculations. 


a.  Particle  Slse. 

As  noted  in  figure  5,  appendix,  there  were  45  sampling  slide 
positions.  Each  slids  waa  sxamintd,  and  a  minimum  number  of  500  par¬ 
ticles  wsre  counted  and  measured.  The  device  used  in  particle  counting  and 
in  the  microscope-projection  magnification  waa  adjusted  to  the  particles 
could  be  separated  into  17  intervals  according  to  Sine.  The  projected 
magnification  was  300  power,  which  permitted  measurement  of  particles  from 
4p  to  1 75p  in  intervals  of  approximately  IQp  each. 

The  same  total  area  on  the  slides  was  examined,  and  in  those  in¬ 
stances  whers  a  largtr  slide  area  was  necessary  to  maintain  the  minimum 
of  500  particles,  tbs  data  wars  adjusted  to  an  equal  area  basis.  In  figurs  5, 
appendix,  the  solid  circular  linos  depicting  annuli  wars  considered  as  being 
represented  by  the  slides  within  them.  For  example,  tbs  eight  slides  of 
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ring  1  represent  the  annular  area  between  circles  having  radii  extending  to 
the  midpoint  between  ring  0  end  ring  1  end  between  ring  i  end  ring  2.  All 
the  elide  psrtide-sise  dete  of  e  ring  were  multiplied  by  e  factor  corresponding 
to  the  ratio  of  annuli  areas.  The  factors  for  the  3-  by  l-;nch  slides  are  shown 
in  table  1 . 

TABUS  1 


PARTICLE-SIZE  CALCULATION 


Upon  completion  of  adjustment  for  the  elide  area  examined  and 
floor  area  represented,  the  numbers  of  particles  in  each  else  interval  were 
totaled.  The  totals  and  the  corresponding  particle- si*#- interval  midpoint 
were  the  basis  for  calculation  of  D0  from  the  general  equation; 


where 

n  *  the  number  of  particles  in  a  sise  interval 

d  «  the  midpoint  diameter  of  a  sine  interval 


The  same  general  type  of  calculation  wa-  ue-d  when  other  geo¬ 
metric  pattern!  of  floor  slides  were  utilised.  In  determining  D0  irom  the 
Impactmeter  and  arm- sampling  slides,  the  counting  data  obtained  were  totaled, 
and  D0  was  calculated  directly. 

b.  Material  Balance. 


Upon  completion  of  slide  particle  analysis,  the  floor  and  wall  slides 
were  chemically  analyzed  for  liquid  agent.  The  total  material  on  all  slides  of 
a  grid  ring  was  divided  by  the  total  area  of  the  same  slides  yielding  a  concen¬ 
tration  per  square  inch.  This  value  of  floor  concentration  was  representative  of 
the  annulus  area  corresponding  to  the  ring.  The  quantity  of  agent  in  each  annu¬ 
lus  area  was  summed  to  give  the  total  quantity  on  the  floor.' 

The  same  general  type  of  calculation  was  performed  for  the  slides 
positioned  on  the  chamber  walls.  The  liquid  airborne  at  30  minutes  was  cal¬ 
culated  directly  from  filter -sample  analysis  and  sampling  flow- rate  data. 

Agent  recovery  was  the  percentage  value  of  the  liquid  recovered,  divided  by 
the  total  liquid  disseminated. 

* 

D.  Results. 


1,  Aerosol  Particle -3ize  Analysis. 

The  aerosol  data  obtained  from  the  compressed-air  atomising 
device  are  plotted  in  figures  8,  9,  and  10,  appendix,  as  is  the  value  of  D0 
as  predicted  by  the  Nukiyama-Tanasawa  equation  from  the  operating  conditions. 
Also  shown  for  purposes  of  comparison  in  figure  8,  appendix,  are  the  values 
of  D0  as  computed  from  the  Impactmeter,  arm,  and  the  45-  and  16-floor 
slide  patterns.  The  generalised  aerosol  distributions,  as  a  function  of  Qj^ 
in  ml/  sec  taken  from  the  data  in  figure  8,  appendix,  are  plotted  in  figure  11, 
appendix.  A  logarithmic -normal  distribution  was  assumed  for  the  aerosol 
distributions  for  purposes  of  presentation.  The  exact  type  of  distribution  was 
not  determined,  but  the  experimental  data  were  closely  approximated  by  the 
logarithmic-normal  curve.  The  aerosol  data  illustrated  in  figures  9  and  10, 
appendix,  were  also  closely  approximated  by  a  logarithmic -normal  distribu¬ 
tion. 


2.  Material  Balance. 


The  experimental  data  obtained  in  performing  the  chamber 
material  balances  are  shown  in  table  2. 
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III.  APPLICATION  OP  ATOMIZATION  EXPERIMENTATION. 

. mtmmm  — — —  mmmmti  . .  -  m*mm  \  mm  n  rnmmmmmmmm  m  u  

Based  on  the  experimental  data,  it  was  of  interest  to  determine  the 
basic  design  of  a  compressed-air  munition  device  capable  of  producing  specific 
types  of  aerosols.  The  general  procedure  followed  was  to  determine  the 
Qg/Ql  ratio  required  to  produce  a  given  aerosol  and  then  to  calculate  the  nec¬ 
essary  relative  volumes  of  liquid  and  gas*  For  example,  in  figure  8,  appendix, 
a  ratio  of  QgIQl  ~  4000  was  required  to  produce  an  aerosol  with  a  D0  value  of 
ZOp.  From  figure  4,  appendix,  an  aerosol  distribution  with  an  MMD  value  (cu¬ 
mulative  mass  of  50%)  of  20p  was  interpolated.  This  aerosol  distribution, 
which  has  95%  of  its  mass  in  particles  smaller  than  40p,  was  produced  at  a 
flow  rate  of  5-ml/sec  with  the  experimental  system.  Dc  and  MMD  were  as¬ 
sumed  to  be  approximately  equal  in  this  relatively  narrow  particle -siae  dis¬ 
tribution.  If  Qj^  were  5  ml/ sec  then  Qq  would  have  to  be  (4000  x  5)  or  20, 000 
ml/ sec  at  ambient  conditions. 

A  munition  device  with  a  total  available  volume  of  1000  ml  was 
assumed,  and  the  relative  volumes  of  liquid  and  gas  (at  varioue  holding  pres¬ 
sures)  and  munition  wall  thickness  (calculated  by  hoop  tension)  were  deter¬ 
mined,  Similar  calculations  wsrs  performed  in  analysing  the  system  with 
noasles  similar  to  those  in  figure  2,  appendix,  items  a  and  b ,  which  could 
produce  an  aerosol  with  a  Dc  of  40 |&  (Qq/Ql  *  2000)  and  a  D0  of  90|i  (Qq/Ol,  - 
1000).  In  these  latter  two  examples  D  was  also  assumed  to  be  equivalent  to 
MMD,  although,  more  rigorously,  MMD  should  be  calculated  from  the  particle - 
sise -distribution  data  that  yielded  the  value  of  D0.  Generally,  the 'experimental 
data  indicated  that  MMD,/D0  was  from  1 . 0  to  1 , 2  in  the  D0  range  of  15p  to  200p, 
The  results  of  these  calculations  are  shoym  in  table  3  and  indicate  the  imprac¬ 
ticability  of  the  munition  system  for  the  production  of  aerosols  because  of  the 
low  liquid  capacity.  The  use  of  a  gas  other  than  compressed  air,  for  example, 
helium  or  carbon  dioxide,  or  the  use  of  noasles  of  other  designs  may  prove 
more  practicable, 

IV.  DWCXmMCM- 

The  characteristics  of  the  aerosols  produced  by  the  atomising 
device,  for  most  of  the  nossles  considered,  agree  well  with  the  D0  values 
predicted  by  the  Nukiyama-Tanasawa  equation.  The  performance  data  of  all 
nosslefl  indicated  a  limiting  ratio  of  approximately  Qq/1000  *  5.  larger 

values  of  the  ratio  did  not  produce  particles  smaller  than  13p  to  15p,  a  fact 
that  confirms  earlier  data  of  other  investigators.  The  performance  of  the 
email  vexxituri  and  coiled-tuhe  nos  ales,  however,  yields  values  of  D0  that  are 
consistently  lower  than  expected  at  Qq/1000  ratios  less  than  5.  The  data 
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TABLE  3 


•  • 


of  both  nozzles  are  well  beyond  the  estimated  experimental  error.  Since  the 
coiled- tube -nozzle  design  is  rather  unconventional*  abnormal  results  might 
have  beep  expected  but  data  of  the  small  venturi  nozzle  are  contrary  to  earlier 
finding Although  no  firm  explanation  can  be  proposed*  it  is  believed  that  the 
flow  conditions  within  the  nozzle,  i.e. ,  velocity  changes,  and  the  magnitude  and 
position  of  standing  pressure  waves,  may  have  been  contributing  factors. 

The  variation  of  some  of  the  experimental  points  illustrated  in 
figures  8,  9,  and  10*  appendix,  is  partially  the  result  of  experimental  error. 

In  the  re^.pn  of  Qq/  1000  -  1,  a  very  slight  change  in  the  ratio  causes  a  ' 

large  variation  in  D0.  The  experimental  precision  in  the  measurement  of  Qq 
and  was  such  that  closer  agreement  could  not  be  attained,  and,  therefore, 
the  variation  could  be  expected.  It  will  be  noticed  that  the  points  in  this  region 
also  fall  below  the  Nukiyama-Tanasawa  curve  rather  than  on  both  sides.  It  is 
believed  that  this  condition  is  caused  by  incomplete  measurement  of  the  larger 
particles  existing  in  the  aerosol  distributions.  If  a  more  representative  num-  . 
ber  of  the  larger  particles  had  been  observed  and  counted,  the  DQ  values  shown 
would  have  been  greater. 

The  same  general  type  of  statistical  error  probably  existed  in  the 
range  of  Qq/1000  *5.  I n  this  region  of  relatively  small  particles,  <30 p, 

insufficient  very  small  particles  actually  impacted  on  the  slides  of  the  Im- 
pactmeter,  thus  influencing  the  experimental  D0  towards  a  value  greater  than 
the  Nukiyama-Tanasawa  predicted  value.  If  these  data  were  to  be  adjusted  on 
the  basis  of  the  quantity  of  liquid  airborne  as  shown  in  table  2,  the  values  of 
D0  would  be  decreased  as  much  as  15%.  Also,  this  series  of  experiments  was 
performed  in  colder  weather  and,  as  seen  in  figure  3,  appendix,  the  decrease 
from  summer  to  winter  temperatures  increased  the  theoretical  value  of  DQ 
approximately  15%. 

Generally,  the  data  presented  in  figure  8,  appendix,  indicate 
reasonable  sampling  validity  of  any  of  the  four  techniques  used.  Floor -slide 
sampling  would  be  expected  to  yield  the  most  representative  data.  The  45-* 
and  1 6-floor  elide  patterns  indicated  good  grsement  between  both  the  postern 
and  the  Nukiyama-Tanasawa  predicted  value.  Impactmeter  data  appeared 
more  variable,  whereas,  the  swinging-arm-slide  data  appeared  to  be  more 
consistent.  Possibly,  the  manner  of  sampling  made  it  feasible  to  take  a  more 
representative  aerosol-particle  sample  with  the  swinging- arm  technique  than 
with  the  Impectmetir. 

It  is  obvious  from  table  2  that  sampling  by  the  floor-slide 
techniques  accounted  for  slightly  more  than  half  the  total  liquid  disseminated. 
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From  the  apparent  correlation  of  the  experimental  data  to  the  theoretical  in¬ 
formation  shown  in  figures  8,  9,  and  10 »  appendix,  it  is  believed  that  the  ex¬ 
perimental  values  obtained  were  reasonably  representative  of  the  entire 
aerosol  produced. 


V.  CONCLUSIONS . 

As  a  result  of  the  investigation  conducted,  the  following  conclusions 
were  drawn: 


1.  The  aerosol  produced  by  the  compressed-air-operated 
laboratory  device  can  be  characterised  for  most  of  the  nossle  designs  con- 
fidered  by  the  Nukiyama-Tanasawa  relationship. 

2.  The  parameter  mop*,  significantly  affecting  the  atom¬ 
isation  process  for  a  given  liquid  is  the  volume  ratio  of  liquid  to  gas. 

3.  The  four  sampling  techniques  examined  presented 
varying  degrees  of  correlation  to  each  other  and  to  the  value  predicted  by  the 
Nukiyama-Tanasawa  relation.  The  swinging -arm  technique  appeared  to  be 
most  suitable  on  the  basis  of  accuracy  and  ease  of  operation. 

4.  The  cold  gas  atomisation  technique  considered  did  not 
appear  to  be  practicable  for  incorporation  into  a  chemical  munition  because  of 
low  liquid  capacity;  this  technique,  however,  provides  a  means  of  producing, 
without  chemical  decomposition,  an  aerosol  having  the  desired  characteristics. 
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FIGURE  6 

IMPACTMETER  SHOWING  ROTATING  SLIDES  AND  COVER  SLOT 
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FIGURE  7 

Q  AS  CFM  AT  ATMOSPHERIC  CONDITIONS  AS  A 
FUNCTION  OF  CHAMBER  AND  AIR-FEED  PRESSURES 
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